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Los Alamos HIV Database

“I think of it as the gift 
that keeps on giving”, A. Fauci

Quoted in Cohen, “Bang for the Buck”, Science 321:518-519, 2008

http://tinyurl.com/HIV-DB-2018



Los Alamos HIV Database
■ HIV Databases, funded by NIH

◻ Integrate HIV immunological and viral and host sequence data
◻ > 60 computational tools, some HIV specific; many applicable to other pathogens
◻ Tables, summaries, web search interfaces
◻ Annual Compedia

◻ HIV Sequence database – founded in 1986, Gerald Myers
■ Sequence data from GenBank with added metadata fields from the literature 
■ Metadata and accession numbers incorporated in the sequence names
■ Premade and on the fly alignments – align indels and reduce sequences per person
■ Web searches: subtype, geographic location, patient details, sampling year, etc ~40 fields

◻ HIV Immunology database – founded in 1995, Bette Korber
■ Comprehensive HIV epitope database,
■ Integrates HIV immunological and sequence data
■ Web searches: epitope, protein, HLA type, immunogen, keywords, patient details, etc

■ Other pathogen databases
◻ HCV Database – founded in 2003, Carla Kuiken, initially funded by NIH

◻ HFV Database – founded in 2009, C. Kuiken, initially funded by DoD, >80 viral species
■ Filovirus portion of the database was updated during and after the 2015 outbreak
■ Premade sequence alignments on genus, species and one-per-outbreak sequence levels
■ Epitope lists and genomic maps, functional domains
■ Ebola Genome browser



HIV Database Workshop Logistics 

■ Day 1, Jan 30, Tues
◻ HIVSequence Database

■ Day 2, Jan 31, Wed
◻ HIV Immunology Database

■ Part 1: 
◻ HIV Immunology Database overview

◻ Antibody searches and entries in HIV database

◻ Neutralizing Antibody Resources
◻ CATNAP, both tailored for HIV and applicable to any pathogen
◻ CombiNaber, applicable for any pathogen
◻ HIV Genome Browser

■ Part 2:
◻ T cell epitopes and searches and entries in HIV database
◻ More computational tools for Immunologists, many applicable for any pathogen
◻ Vaccine design and evaluation tools, applicable for any pathogen



www.hiv.lanl.gov



All kinds of basic 
information about HIV 
and about our database

Previous workshop 
presentations

Yes! We do respond to this 
e-mail address!

seq-info@lanl.gov





HIV Immunology Database Overview

■ Experimentally characterized immunological and associated viral data

■ Key information from each paper on HIV T cell epitopes or mAbs 
◻ ~10,000 CTL, >1,500 Helper epitopes and >3,000 Antibody records
◻ Epitope sequence, location, immunogen, vaccine details, patient details… 
◻ Epitope Variants (escape, reduced binding, etc.)
◻ Host HLA or MHC, Ab isotype, binding region
◻ Neutralizing Antibody Resources, contact residues, etc.
◻ Notes summarize main findings

■ HIV T cell epitopes and Antibody data organization
◻ T Cells (CTL and Helper epitopes)

■ One reference per entry, epitope/HLA combinations are often repeated
■ CTL and T-helper database organization is identical

◻ B Cells (Antibodies)
■ One entry for each monoclonal antibody
■ Many references per entry (> 800 for some well studied mAbs)
■ Antibody is entered and annotated whether or not epitope is defined

■ HIV Immunology Database products
◻ Epitope maps, summary tables and yearly compendium
◻ Computational tools for immunologists
◻ Neutralizing antibody resources



Tools for Immunologists
Most tools are applicable to any organism and some to any numerical data

n CATNAP: Compile, Analyze and Tally published and your own NAb Panels

n CombiNAber: Predict and analyze neutralization by antibody combinations

n Sequence Locator: Find epitope location on the reference genome 

n PepMap: Map an input set of peptides on the reference sequence (Fasta, PDF and HTML)

n PeptGen: Generate sets of overlapping peptides for epitope mapping. 

n QuickAlign and AnalyzeAlign: Align query sequences or discontinuous positions to an 
alignment, create WebLogos, calculate frequency by position, tally variants in an alignment

n ELF: Epitope Location Finder. Search query sequence for
q Known epitopes from our HIV immunology databases
q HLA binding motifs
q Epitopes predicted by the IEDB binding algorithm. 

n N-Glycosite: Find potential N-linked glycosylation sites in an alignment

n Mosaic and Epigraph: Generate candidate vaccine protein cocktails with optimized 
potential epitope coverage, calculate and visualize coverage

n Heatmap: Display and organize neutralization or other quantitative data.

n And more …



https://www.hiv.lanl.gov/content/immunology/index.html

Neutralizing Antibody Resources

Multiple ways to database 
products and tools



Neutralizing Antibody Resources
www.hiv.lanl.gov/content/immunology/neutralizing_ab_resources.html

2 new tools useful for Ab analysis
Coming soon:
■ Genetic Signature tool 

◻ Finds phylogenetically corrected genetic signatures in a 
sequence alignment in conjunction with a phenotype file. 

■ Filtered Forests 
◻ Machine learning predictions of bNAb viral sensitivity



https://www.hiv.lanl.gov/content/immunology/index.html

Epitope alignments: epitopes aligned to HIV 
subtype Reference sequences in Fasta format

Reactive peptide maps and tables (with HLA 
and other patient data) from several large-scale 
studies scanning HIV proteins. 



Antibody Search

■An example workflow following from antibody search:

◻Search database for a particular antibody record

◻For a neutralizing antibody collect comparative 
neutralization data for that antibody tested against 
different viruses and in different studies (CATNAP)

◻Estimate the effectiveness of multi-antibody cocktails 
against different viruses (CombiNAber)



Antibody Search (https://www.hiv.lanl.gov/content/immunology/ab_search)

Can show only notes and 
references containing selected 
keywords or user’s text

Search by

■ HIV protein, Epitope Sequence, 
Subtype, Immunogen, Vaccine 
Details, Species, Author, 
Country, Keywords, Isotype

■ MAb ID 
◻ List by Ab name
◻ List by Ab type

■ By binding site, for example binding 
to similar region like V3 or near a 
common functional domain like CD4 
binding site CD4Bs) 

■ Search examples:
◻ 2F5 – 1 record with 815 

references
◻ Ab type: gp120 CD4BS – 438

records

◻Search for 10E8



Link to CATNAP
Link to Antibody Features Database
(Ab contact positions and related protein features)

Link to patient Donor detail

Link to Epitope Alignment

Link to Epitope Map

Notes from the papers

Search results for 10E8



10E8 Donor

Link to patient’s HIV sequences



10E8 Contacts

https://www.hiv.lanl.gov/components/sequence/HIV/featuredb/search/env_ab_search_pub.comp



10E8 Neutralization 
information in 
CATNAP

Expand the table to show heavy and light chain 
sequences and sources for germline data

Link to structure in PDB



CATNAP
Compile, Analyze and Tally NAb Panels

CATNAP 
(theoretical approximation)

Photo by Peter Hraber 

Purpose:

• To compile published data on HIV NAbs 
and their neutralization data.

• To integrate and juxtapose on one 
screen neutralization data (or any 
numerical data) and viral sequence data.

• To explore potential genetic signatures 
associated with HIV neutralization based 
on either published or your own data.

• To find potential genetic signatures in 
any kind of numerical data associated 
with sequences.

• With input from Anthony West  (West et 
al, PNAS 2013). 

• Designed by Hyejin Yoon, Jennifer 
Macke, Bette Korber, Karina Yusim

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html



■ Custom Input requires
◻ Numerical data (IC50, 

ID50, AUC, any phenotypic 
data)

◻ Aligned sequences 
associated with the data

■ You can also 
combine your own 
HIV data with the 
published HIV data 
(Hybrid CATNAP)



Both DATABASE and ANALYSIS:
• Database of all the published IC50 and 

IC80 assays we can find (110 currently)

• Data:
- Antibody data (>300): donor ID, links to 

Immuno DB, PDB structures, germline,
binding type, etc.

- Aligned virus data (>1000): subtype, 
accession, neutralization tier, virus 
name aliases, patient health status, 
various viral panels, etc.

- Information about Env positions: 
entropy, functional domain, Ab contacts 
and signature predictions

• Analysis:
- Env sequence data side-by-side with 

IC50/IC80 values
- AA composition, N-glycosylation sites, 

basic statistics
- Antibody potency and breadth 

summarized over multiple studies
- Amino acid associations with 

neutralization. 
- Links to other analysis tools



Select Antibodies and Viruses in 
Several Ways:

• Individual or all antibody and viruses



Select Antibodies and Viruses in 
Several Ways:

• Individual or all antibody and viruses

• Select by study



Select Antibodies and Viruses in 
Several Ways:

• Individual or all antibody and viruses

• Select by study

• Select antibodies by attributes 
(germline and binding region)

• Select viruses by attributes (Tier, 
Subtype, Infection stage)



Select Antibodies and Viruses in 
Several Ways:

• Individual or all antibody and viruses

• Select by study

• Select antibodies by attributes 
(germline and binding region)

• Select viruses by attributes (Tier, 
Subtype, Infection stage)

• Select viruses by a virus panel 



Example: 
10E8 and PG9

Retrieve Antibody, Virus or Assay details

Analyze IC50, IC80 or Both along with the 
viral sequences



10E8 Neutralization 
information in 
CATNAP

Expand the table to show heavy and light chain 
sequences and sources for germline data

Link to structure in PDB



CATNAP: Virus info (in addition to the Ab and assay info)

Link to the sequence record 
in the HIV Sequence DB

Automatically submit all selected sequences in a batch to the HIV sequence search 
interface



Collapse or expand details from individual studies

Potency and Breadth of 
neutralization over 
multiple studies

Pick Ab and click on contact position to analyze, or enter your own position



Position highlighted

Odds ratio > 1: enriched for 
detected
Odds ratio < 1: enriched for 
undetected

Note: The new 
Genetic Signature Tool 
calculating 
phylogenetically 
corrected signatures will 
be linked soon to 
CATNAP (pending 
submitted publication)



■ Our newest tool, designed by 
Kshitij Wagh, Hyejin Yoon, Bette 
Korber

■ Background
◻ Kong et al, 2015, J Virol
◻ Wagh et al, 2016, PLOS Pathogens
◻ Questions: Kshitij Wagh, 

kshitij@lanl.gov

■ Purpose: predict neutralization by 
antibody combinations (to 
optimize immunotherapy options)

■ Input:
◻ Neutralization data (IC50 and / 

or IC80) with antibody and virus 
names

◻ Antibody type (i.e. binding 
region)

CombiNAber

www.hiv.lanl.gov/content/sequence/COMBINABER/combinaber.html



Single mAbs

CombiNAber



Single mAbs

2-mAb 
combinations

CombiNAber



Single mAbs

3-mAb
combinations

CombiNAber



Single mAbs

4-mAb 
combinations

CombiNAber



Single mAbs

Best 4, 3, 2, 1 
Combinations

CombiNAber

Wagh et al. Optimal Combinations of Broadly 
Neutralizing Antibodies for Prevention and 
Treatment of HIV-1 Clade C Infection. PLoS
Pathog. 2016 12:e1005520. 



HIV Genome Browser: 
• A customization of JBrowse Genome Browser, built to incorporate many 

sources of information from our Sequence and Immunology databases. 

• A one-stop source of information about HIV genome and immunological data. 
It retrieves the vast and diverse information available at HIV Immunology 
database and allow to look at the whole HIV genome and zoom in to a region 
of interest and see all information we have in the database about this region 
- HXB2 gene map, HXB2 sub-protein map, Mac239 map 
- Overlapping epitopes, antibody binding sites
- HXB2 coding sites of interest (e.g. functional domains, drug resistance sites, motifs, 

glycosylation sites, etc.) 
- HXB2 LTR sites of interest (RNA structural elements, primer binding sites, etc.)  
- Neutralizing Ab contact residues, signatures and other NAb-associated features
- HIV sequence variability (Entropy: M group, B clade, C clade)
- Links to the database annotation, alignments, tools, PubMed etc. 

• DNA- and Protein-level views are available

• Dreamt of by Christian Brander;
• Implemented by Shihai Feng;
• Help from Jennifer Macke, Brian Foley, Jim Szinger, Karina Yusim



Yo

HIV Genome Browser: Nucleotide view 

Right click 
to switch to 
protein view

Your position
Navigation



Right-click: 
Links

Left-click: 
Details



The HIV database sequence analysis tool set

All tools can be accessed 
from the HIV sequence 
database

Click top level to link to full 
page of tools, where all
>60 computational analysis 
tools are organized in groups 
by function/purpose.

Most tools have explanation 
pages, and sample data 
sets.

Many tools were inspired by 
user comments — please 
ask for more!



Tools especially useful 
from immunologists can 
be accessed from the 
HIV Immunology 
“Tools” page

HIV Immunology Tools are a subset of the HIV Sequence Tools

www.hiv.lanl.gov/content/immunology/tools-links.html



HIV/SIV Sequence Locator Tool
■ Calculates DNA or protein fragment location relative to a reference strain

◻ Available for HIV-1, SIV, HCV, and similar tools exit in HFV database
◻ Such numbers, often included in the literature, are frequently incorrect

Paste or type a 
DNA or protein 
sequence here.SLYNTVATL

Location in 
genome 
mapped in red.

http://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html



HIV/SIV Sequence Locator Tool
■ Can also retrieve reference sequences

◻ by coordinates (range of base or amino-acid positions)
◻ by single position (retrieves flanking sequences)

http://www.hiv.lanl.gov/content/sequence/LOCATE/locate.html

Include surrounding region

50 aa long stretch



PepMap www.hiv.lanl.gov/content/sequence/PepMap/pepmap.html

■ Maps an input set of peptides on the query sequence
■ Can be used to map epitopes, functional domains, or any protein region of interest
■ Peptide name can contain any kind of useful information

>B.FR.83.HXB2_LAI_IIIB_BRU_K03455
MGGKWSKSSVIGWPTVRERMRRAEPAADRVGAASRDLEKHGAITSSNTAA 

>Peptide1
MGGKWSASSVIGGPTV----------------------------------
>Peptide2
----WSKSSVIGWVTV----------------------------------
>HLA-A2
------------------RMRRAEPAV-----------------------
>B8
-------------------------AADRVGAASRDLEK-----------
>Reactive
--------------------------ADRVGAASRDLEKHGAI-------
>Not_reactive
------------------------------------LEKHGAITSSNTA-

Input:
Peptide1 MGGKWSASSVIGGPTV
Peptide2 WSKSSVIGWVTV
HLA-A2 RMRRAEPAV
B8 AADRVGAASRDLEK
Reactive ADRVGAASRDLEKHGAI
Not_reactive LEKHGAITSSNTA

Location table

Peptide map (PDF)

Peptide map (FASTA)



Seq1 HIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEVKDTKEALEKIEEEQNKSK
Seq2 HLVWASRELERFALNPGLLETSEGCKQIIKQLQPALQTGTEELRSLYNTVATLYCVHEKIEVRDTKEALDKIEEEQNKSQ
Seq3 HLVWASRELERFALNPDLLETAEGCQQIMGQLQPALQTGTEELRSLFNTVATLYCVHQRIEVKDTKEALEEVEKIQKKSQ

PeptGen
■ Generates overlapping peptides for any protein sequence 
■ Takes alignment as an input and removes duplicate peptides 



QuickAlign
■ Aligns query sequence to an alignment, creates WebLogos, calculates frequency by 

position, tallies variants in an alignment
■ Can be used to align epitopes, functional domains, or any protein or any region of interest
■ Shows results by groupings (subtypes for example) and all groups together

Variant 
frequency 
summary



AnalyzeAlign

■ New tool similar to QuickAlign, but 
takes sequence positions/range 
(including discontinuous) to 
analyze in an alignment

■ Has many analysing options:
◻ WebLogo specifications
◻ Frequency cutoffs
◻ Choice of the master sequence to 

find variants
◻ User-specified color scheme
◻ Combining multiple logos on a page
◻ Showing potential N-linked 

glycosylation sites (Nx[ST], denoted 
as  0)

MAb PG9 binding regions, Env 156-173, 
bNAb PG9 contact region



AnalyzeAlign

Figure from Hraber et al. Viruses 2015

Transmitted HIV virus

q Longitudinal 
samples over time

q Discontinuous 
positions under 
apparent immune 
selection

q Only differences 
from transmitted 
virus are shown

q Colors indicate 
amino acid charge 
categories

Virus 3 years 
post-infection



Heatmap
■ Two-dimensional clustering analysis

■ A graphical way of displaying a table of 
numbers by using colors to represent 
numerical values. 

■ Strategy borrowed from the gene 
expression array literature to organize 
and visualize neutralization data, but is 
also useful for other complex data

■ Example: (Bricault et al, 2015, J Virol)
◻ Rows: ID50s in guinea pigs vaccinated by 

4 different strains and combinations of 2, 
3, and 4 strains (2C, 3C, 4C)

◻ Columns: Tier 1A, 1B test Envs
◻ Higher intensity color – higher ID50s
◻ Vertical bar – animals colored by vaccine
◻ Horizontal bar – Envs colored by 

neutralization tier
◻ Animals vaccinated by 4 strains in 

combination cluster together on the top 
and have highest ID50s



■ Epitopes up to 14 aa long 
are mapped on HXB2

■ HXB2 sequence may differ
■ Epitopes with identical 

boundaries and HLA fields 
are included in the maps 
only once

■ The epitope maps are 
interactive! 
◻ Clicking on an epitope 

leads to the epitope entry

p17 CTL/CD8+ Epitope Map

www.hiv.lanl.gov/content/immunology/maps/maps.html



CTL/CD8+ Epitope Summary (B-list)

■ Experimentally validated 
optimal epitopes with known 
HLA presenting molecules

■ Defined/curated by Christian 
Brander and colleagues

Best-defined CTL/CD8+ 
Epitope Summary 

(A-list)

www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html www.hiv.lanl.gov/content/immunology/tables/optimal_ctl_summary.html

■ A comprehensive list of all unique epitopes in the 
database (including with unknown HLA, 
boundaries not fully defined…)

■ Similar lists for Helper epitopes and linear Ab 
binding sites

■ Unlike epitope maps that show epitope locations, 
each epitope sequence is shown

Epitope variants and escape mutations 
■ Experimental epitope variants from the literature

◻ Search interfaces
◻ Summary tables (~3500 CTL epitope variants)

■ HLA associated HIV polymorphisms (Zabrina Brumme, Bruce Walker)
◻ Database review and a table

www.hiv.lanl.gov/content/immunology/pdf/2010/escape_article_supplement.html



CTL/CD8+ Search (www.hiv.lanl.gov/content/immunology/ctl_search)

■ Search by HIV protein, 
Epitope Sequence, Subtype, 
Immunogen, Vaccine Details, 
Species, presenting 
MHC/HLA, Author, Country, 
Keywords

■ Search on epitope location 
and find fuzzy matches, 
overlaps and embedded 
epitopes

■ Search examples:

◻ Example:
■ SLYNTVATL – 285 entries
■ Narrow the search with 

keyword “escape” – 35
entries

Search for ISPRTLNAW
With the first author Pillay



Variant details with 
annotator’s notes

Additional information 
provided in the entry:

■ Location, Donor 
MHC/HLA, 
experimental 
methods, Notes

■ Link to all entries for 
a reference

■ PubMed links to 
papers

■ Link to Epitope Maps
■ Link to Epitope 

Alignment (aligned to 
large set of seq.)

■ Epitope variants if 
studied in the paper

Link to Epitope Alignment

Link to Epitope Maps



Also available as a separate tool QuickAlign

www.hiv.lanl.gov/content/sequence/QUICK_ALIGNv2/QuickAlign.html

Epitope Alignment



Variant details
Link back to epitope entry

Note describing why the 
variant was designated as a 
particular mutation type

Mutation type examples:
q E escape
q IE inferred escape
q DR diminished response
q SF susceptible form
q etc…

Mutation type



ELF (Epitope Location Finder)

■ ELF helps identify potential T 
cell epitopes in a reactive 
peptide from a person with 
known HLA type by
◻ Highlighting appropriate HLA 

anchor motifs in the peptide
◻ Aligning all known epitopes 

embedded in the peptide from 
the database to your query 
sequence, with links to epitope 
entries

◻ Finding potential epitopes based 
on Immune Epitope Database 
(IEDB) binding predictions  
http://www.immuneepitope.org/

■ We also have MotifScan tool 
that shows HLA binding and 
custom  motifs on the sequence 
alignment

HLA selection is 
synchronized between
2 analysis options

You can choose 
how many top binders 
to show per MHC, 
or use a binding 
percentile rank cutoff



Clicking on an epitope takes you to respective 
CTL or Helper epitope Database entries

Clicking on the “align” button takes 
you to “QuickAlign” for that epitope

Epitopes 
matching 
requested HLAs

ELF (reported epitopes in HIV database)



Clicking on MHC links to the 
full list of IEDB predictions for 
that MHC (see next table)

ELF (predicted MHC binding)

Motifscan

IEDB binding predictions



Potential epitopes based on IEDB database MHC binding 
predictions



■Vaccinating a diverse 
population with individual 
epitopes is infeasible

■Escape forms for one HLA 
are frequently sensitive for 
a different HLA

■ It may not be necessary 
to predict epitopes —
but only to deliver them

■Optimized immunogen 
cocktails could deliver most 
epitopes likely to be 
present in infecting virus

HIV epitopes are densely 
packed at the population 

level



Evaluation tools

Vaccine Design Tools (Mosaic/Epigraph)

Design Tools
Generate candidate vaccine protein cocktails that optimize coverage of potential 

T-cell epitopes (as linear k-mers) based on frequencies in sets of natural pathogen 
sequences — “all-natural” throughout, including breakpoints

Mosaic Vaccine Designer — genetic algorithm (Fischer et al. 2007)

Epigraph — graph theoretic approach (Theiler et al. 2016)

Epitope Coverage Assessment (EPICOVER)
Alignment-independent “k-mer” coverage by vaccines or peptides.

Positional Epitope Coverage Assessment (POSICOVER)
Alignment-based coverage by vaccines or peptides.



Mosaic Vaccine 
Designer

Inputs
Target set: natural protein sequences from a 
diverse pathogen population (alignment 
optional).
Cocktail size: how many mosaic protein 
sequences to generate.
Epitope length: default is 9 amino-acids.
Method: genetic algorithm
Linear optimization: helpful for both T-cell 
and linear aspects of B-cell epitopes
Epitope length is transferable…
DEMONSTRATED EFFECTIVENESS
Improved immunogenicity

HIV, SIV, HCV, Chlamydia 
Protection from challenge (non-human 
models):

SHIV, Influenza, FMDV, Ebola
Many human HIV trials in process



k-mer coverage is relatively stable for different 
values of k (potential epitope lengths)

In other words, optimizing for potential CD8+ T-cell epitopes (k=9)
yields good coverage of potential CD4+ T-cell epitopes (k=12), too.

[Korber et al., 2009] T-cell vaccine strategies for 
human immunodeficiency virus, the virus with a 
thousand faces. J Virol, 83(17):8300–14.



EPIGRAPH
Inputs

Target set: natural protein sequences for 
the pathogen population (alignment 
optional).

Cocktail size: how many mosaic proteins 
in the output set.

Epitope length: default is 9 amino-acids.

Method: evaluation of acyclic graph

Advantages over mosaic

Essentially optimal (fractionally better 
coverage)

Much faster: allows iteration and 
comparison of multiple input sets and 
alternate designs

Reference: Theiler, J., Yoon, H., Yusim, K., 
Picker, L. J., Fruh, K., and Korber, B. (2016). 
Epigraph: A vaccine design tool applied to an 
HIV therapeutic vaccine and a pan-filovirus 
vaccine. Sci Rep, 6:33987.



EPIGRAPH — exclude rarities



Epitope Coverage Assessment - Epicover 

Inputs:

1. Vaccine set

2. Test set (target 
sequences)

Can report on 
subsets defined 
according to the 
first several 
characters in 
sequence names 
or user-defined 
subsets



Epicover output (mean coverage per sequence)

vaccine set subset subset 
count Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent

vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786 0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316 0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

… … … … … … … … …

Overall summaries of k-mer 
coverage



Epicover output (mean coverage per sequence)

vaccine set subset subset 
count Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent

vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786 0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316 0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

… … … … … … … … …

Overall summaries of k-mer 
coverage

For entire set (to compare with other 
vaccine candidates) 



Epicover output (mean coverage per sequence)

vaccine set subset subset 
count Off-by-0 Off-by-1 Off-by-2 rare(<3,>1) unique absent

vaccine_set_from_user Total 39 0.5037 0.7474 0.8636 91 61 38
vaccine_set_from_user A 6 0.4294 0.7086 0.8417 7 1 38
vaccine_set_from_user B 4 0.7263 0.8911 0.9460 44 23 38
vaccine_set_from_user C 4 0.5786 0.8449 0.9602 47 37 38
vaccine_set_from_user D 4 0.5764 0.8268 0.9218 12 0 38
vaccine_set_from_user F 8 0.4821 0.7316 0.8786 2 0 38
vaccine_set_from_user G 4 0.4578 0.7126 0.8367 5 0 38

… … … … … … … … …

Overall summaries of k-mer 
coverage

For entire set (to compare with other 
vaccine candidates) 

… or by pathogen subset



Positional Epitope Coverage Assessment - Posicover 

• INPUTS
1. Vaccine/peptide sequences
2. ALIGNED target set

• OUTPUTS
1-dimensional (by alignment column)

2-dimensional (by sequence and 
alignment column)



Posicover output (1-dimensional summaries)

Matched 9-mers Missed 9-mers

Alignment positions



72

Posicover output (2 dimensional)

Pixel-based Alignment view 
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment



73

Posicover output (2 dimensional)



74

Posicover output (2 dimensional)

Pixel-based Alignment view 
Each amino-acid represented as a single-colored square
Allows quick detection of gross errors in alignment



75

Posicover output (2 dimensional)



POSICOVER K-MER COVERAGE
(YELLOW-BLACK GRADIENT SHOWS HOW MANY OF EACH

RESIDUE’S K-MERS APPEAR IN VACCINE)

76

Posicover output (2 dimensional)



77

Posicover output (2 dimensional)
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Worst natural isolate

Best natural isolate

Posicover output (2 dimensional)
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Best natural isolate

Posicover output (2 dimensional)

1-sequence mosaic



80

Best natural isolate

Posicover output (2 dimensional)

1-sequence mosaic2-sequence mosaic cocktail



Thank you for attending!
Please fill out our evaluation form! 
Your comments will help us provide future training. 

Contact us: seq-info@lanl.gov or immuno@lanl.gov



EPIGRAPH — exclude rarities

■ Including only k-
mers above an 
occurrence 
threshold drops 
coverage, but  
reducing 
responses to 
rare epitopes 
may be helpful.

Here, including only 9-mers that occur at 
least 14 times drops coverage very little. 


